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Preliminary conceptual contaminant distribution models were developed for the 200-TW-1 and
200-TW-2 OUs in e Waste Site Grouping for 200 Areas Soil Investigations report (DOE-RL
1997). The preliminary models were updated with conceptual contaminant distribution models
of representative sites in this work plan based on physical conditions and the nature and extent of

contamination at ri  resentative sites.

The following statements are general conclusions regarding the conceptual contaminant

distribution model for these waste groups.

o Effluent discharged to waste sites in these OUs consisted of high salt, 1 itral/basic, and low

ory ic waste with high levels of fission products.

e Waste sites generally received small quantities of effluent. Of 64 waste sites in the 2 OUs,
effluent volumes exceeded soil pore volumes at only 8 sites, including 3 representative sites
(216-B-46, 216-T-26, and 216-B-7A&B). Contaminants at the 216-B-5 Reverse Well were

injected directly into the aquifer and vadose zone just above the aquifer.

o Effluent and mobile contaminants migrated vertically beneath the waste sites after release.
Lateral spreading of liquids and contaminants may occur associated with the sandy sequence
of the Hanford formation and the Plio-Pleistocene unit/early Palouse soil. At waste sites
where effluent volumes exceed soil pore volumes, and where liquid waste was injected

directly into or near the aquifer, groundwater has been impacted.

¢ Contaminants such as cesium and plutonium normally adsorb strbngly onto Hanford Site
sediments because they have large distribution coefficients (Kgs). These immobile
contaminants should be detected near points of release in the vadose zone because of their
large K4. Contaminants with low Kgs (e.g., nitrite and tritium) are not readily adsorbed on

soil particles an migrate to greater depths within the vadose zone.
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The following conversion chart is provided to aid the reader in conversion.

If You Know
Length
inches
inches

feet

yards

m

Area

sq. inches
sq. feet

sq. yards

sq. miles
acres

Mass (weight)
ounces
pounds

ton

Volume
teaspoons
tablespoons
fluid ounces
cups

pints

quarts
gallons
cubic feet
cubic yards
Temperature
Fahrenheit

Radioactivity

picocuries

METRIC CONVERSION CHART

Into Metric Units

Multiply By

25.4
2.54
0.305
0.914
1.609

6.452
0.093
0.0836
2.6
0.405

28.35
0.454
0.907

5

15
30
0.24
0.47
0.95
3.8
0.028
0.765

subtract 32,
then
multiply by
59

37

To Get

millimeters
centimeters
meters
meters

kil  ters

sq. centimeters
sq. meters

s5q. meters

sq. kilometers

hectares

grams
kilograms

metric ton

milliliters
milliliters
milliliters
liters

liters

liters

liters

cubic meters

cubic meters

Celsius

millibecquerel
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If You Know
Length
millimeters
centimeters
meters

meters

kil e
Area

sq. centimeters
sq. meters

§q. meters

sq. kilometers
hectares
Mass (weight)
grams
kilograms
metric ton
Volume
milliliters
liters

liters

liters

cubic meters

cubic meters

Temperature

Celsius

Radioactivity

millibecquerel
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Out of Metric Units
Multiply By To Ger
0.039 inches
0.394 inches
3.281 feet
1.094
0.621
0.155 sq. inches
10.76 sq. feet
1.196 sq. yards
04 sq. miles
2.47 acres
0.035 ounces
2.205 pounds
1.102 ton
0.033 fluid ounces
2.1 pints
1.057 quarts
0.264 gallons
35.315 cubic feet
1.308 cubic yards
multiply by Fahrenheit
9/5, then add
32
0.027 picocuries
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1.1 200 AREAS IMPLEMENTATION PLAN

The Implementation Plan outlines a strategy that is intended to streamline the characterization
and remediation of waste sites in the 200 Areas, including CERCLA past-practice (CPP) sites;
RCRA past-practice (RPP) sites; and RCRA treatment, storage, and/or disposal (TSD) units.
The plan outlines the framework for implementing assessment activities and evaluation of
remedial alternatives in the 200 Areas to ensure consistency in documentation, level of
characterization, and decision making. A regulatory framework is established in the
Implementation Plan to integrate the requirements of RCRA and CERCLA into one standard
approach for cleanup activities in the 200 Areas. This approach is illustrated in Figure 1-1. The
200-TW-1 OU consists entirely of CPP sites, with the EPA as the lead regulatory agency. The
200-TW-2 OU consists entirely of RPP sites, with the Washington State Department of Ecology
(Ecology) as the lead regulatory agency. Neither OU includes any TSD uni  While a single
work plan is being prepared to address characterization activities for * e ~Us, the  1ainder of
the RI/ES and RFI/CMS processes may be conducted on an individual OU basis or combined, as
shown in Figure 1-1. For the purposes of this document, the _ F ~ \ terminol ' will be used
consistent with the Implementatior. . .an.

The Implementation Plan consolidates much of the information normally found in an
OU-specific work plan to avoid duplication of this information for each of the 23 OUs in the
200 Areas. The Implementation Plan also lists potential applicable or relevant and appropriate
requirements (ARARS) and preliminary remedial action objectives (RAOs), and contains a
discussion of potentially feasible remedial technologies that may be employed in the 200 Areas.
This work plan references the Implementation Plan for further details on several topics, such as
general information on the physical setting and operational history of 200 Area facilities,
ARARs, RAOs, and post-work plan activities.

1.2  SCOr™ AND OBJECTIVES

This work plan documents OU-specific background information, defines OU-specific
characterization and assessment activities and schedule based on the framework established in
the Implementation Plan, and identifies the steps required to com] :te the RI/FS process for the
OUs. Operable unit-specific detail is presented in this work plan, including background
information on the waste sites; existing data regarding contamination at the representative waste
sites; and the approach that will be used to investigate, characterize, and evaluate the waste sites.
A discussion of the RI planning and execution process for each OU is included, along with a
schedule for the characterization work. Preliminary remedial action alternatives that are likely to
be considered for these OUs are identified in the work plan. These preliminary remedial
alternatives will be further developed and agreed to in the FS or CMS, the proposed plan or
proposed permit modification, and the eventual record of decision (ROD) or permit modification.

A data quality objective (DQO) process was conducted for these OUs to define the chemical and
radiological constituents to be characterized and to specify the number, type, and location of
samples to be collected at representative sites within the OU. The results of the DQO process
form the basis for the work plan and the associated sam; *° ;and ar ° ssis plan (SAP) included in
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The plutonium/bismuth phosphate precipitant was washed with water; washings were disposed
of as first-cycle waste. The precipitant was then redissolved in a concentrated solution of nitric
and phosphoric acids, recreating the plutonium 4+ ion in solution. A sodium dichromate
solution was added to convert and stabilize the plutonium 4+ jon to a 6+ ion by an oxidation
reaction. The plutonium was in the form of a plutonium oxide complex, which was insoluble
during the bismuth/phosphate precipitation (GE 1944).

Bismuth nitrate, phosphoric acid, and sodium metabismuthate were added to the solution. The
plutonium 6+ ion remained in solution and a bismuth phosphate precipitate again formed,
containing more of the residual fission product impurities. The precipitant containing the fission
product imp1 ties was redissolved and disposed of as first-cycle waste (GE 1944).

Tl plutc 1m 7 -ion-rich solution was then combined with ammonium fluosilicate, ferrous
ammonium sulfate, bismuth oxynitrate, hydrogen peroxide, and phosj > acid. Again, the
white plutonium/bismuth phosphate precipitant formed, separati ore of the fission
(remaining in solution) from the desired plutonium. ..iis liquid was also dis] = ed of as first-
cycle waste (GE 1944).

First-cycle waste contained approximately 10% of the fission products. First-cycle waste was
routed for disposal through tanks at the T, TX, TY, B, BX, and BY Tank Farms. The 200-TW-2
OU waste sites 216-T-14 to 216-T-17, 216-T-21 to 216-T-25, and 216-B-35 to 216-B-41 are
reported to contain waste generated from this process. However, it is likely that all of the
200-TW-2 OU waste sites may contain some of this waste through drainage or overflow from
canyon building cells 5 and 6 (GE 1944, WHC 1991).

This entire precipitation cycle was repeated. The resulting waste stream was known as the
second-cycle waste stream. The second-cycle waste contained approximately 0.1% of the fission
products and was routed for disposal through tanks 241-T-105, 241-T-110, 241-T-111,
241-T-112, and 241-T-201 to 241-T-204 and 241-B-110, 241-B-111, 241-B-112, and 241-B-201
to 241-B-204. Waste sites 216-T-3, 216-T-5, 216-T-6, 216-T-7, and 216-T-32 and 216-B-5,
216-B-7A&B, 216 -8, and 216-B-9 are reported to contain waste generated from this process.
However, all of the 200-TW-2 OU waste sites likely contain some of this waste through drainage
or overflow from canyon building cells 5 and 6. The solution resulting from the second
precipitation cycle was a dilute plutonium nitrate supernatant that was sent to the 224-T and B
Buildings for further purification and volume reduction (GE 1944, WHC 1991).

2.2.2.2 Lanthanum-Fluoride Purification Process. The lanthanum/fluoride process was a
second part of the bismuth-phosphate separation process. The lanthanum/fluoride process
further purified the dilute solution created in the last step of the bismuth/phosphate process. The
dilute plutonium nitrate supernatant was first oxidized with sodium metabismuthate. Phosphoric
acid was added to precipitate out impurities. The waste precipitant was redissolved in nitric acid
and disposed of as waste from the 224-T or B Buildings. The plutonium-containing supernatant
was then treated with oxalic and hydrofluoric acids and lanthanum salt. As a result, lanthanum
fluoride and plutonium fluorides were co-precipitated. The supernatant was discharged as waste
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two purposes. First, it dissolved the uranium-rich sludge into an aqueous phase. Second, it acted
as a “salting agent” reducing the solubility of the uranyl nitrate in the aqueous phase and
increasing its solubility during the first separation via extraction column. The pH was adjusted
in the resulting solution that was concentrated by evaporation. This concentrated feed solution
was then sent to the first-cycle extraction column. The off-gasses were collected, condensed,
and disposed of in cribs, ditches, and trenches near U Plant; these sites are not included in either
the 200-TW-1 or 200-TW-2 OUs.

The uranium-rich feed entered the extraction column at mid-point. A countercurrent flow of
TBP dissolved in a hydrocarbon solution (usually kerosene or paraffin) extracted the uranjum
om the feed solution into the TBP/organic solution. The fission products, plutonium, and other
inorganic chemicals from the bismuth-phosphate process remained in the aqueous feed solution.
A “scrub solution” composed of nitric and sulfamic acids along with ferrous ammonium sulfate
was 30 introduced at the top of the column. The scrub solution was used to scrub the fission
products from the extraction column and ensure that the plutonium remained in solution as a 3*
ion. TI aqueous waste steam was sent to a waste treatment collection tank = fu
processing. This separation/extraction was a continuous flow process.

he TBP/organic solution rich with uranium left the first extraction column and continued to a
second extraction column. At this column, the TBP/organic solution entered the bottom of the
column and was met by a countercurrent flow of water. As the organic solution did not contain a
“salting agent” to bind the uranium in solution, the water extracted the uranium from the organic
solution into an aqueous phase. The waste organic solution was sent to the solvent recovery
operation in U Plant, while the aqueous solution containing the uranium was sent to the uranium
trioxide process in U Plant.

The solvent recovery operation at U Plant used a scrubber column and a sodium sulfate solution
to remove any residual fission products, plutonium, and/or inorganic salts including nitrates from
the organic solvent. The purified organic/TBP solvent was recycled, and the scrubber solution
containing impurities was sent to the waste collection tank in the 241-WR/ER vaults and later
scavenged and sent to cribs and trenches, including the 200-TW-1 OU waste sites 216-B-20 to
216-B-34, 216-B-42 to 216-B-49, 216-B-51, and 216-B-52, and 216-T-18 and 216-T-26 via
underground pipelines and diversion boxes (Curren 1972, WHC 1990).

The aqueous phase containing the uranium was combined with the concentrated uranyl nitrate
hexahydrate solution from the reduction and oxidation (REDOX) operations and sent to the
uranium trioxide plant for the conversion of the uranyl nitrate solution into uranium trioxide
powder. The solutions passed through two evaporators that evaporated the water/nitric aqueous
component and concentrated the solution with uranyl nitrate. The off gasses were collected and
sent to a fractionation operation in U Plant where the nitric acid was recovered and reused in the
dissolver tank for feed preparation or routed to cribs, ditches, and trenches near the U Plant for
disposal (Curren 1972).

The concentrated uranyl nitrate solution was sent to calcination vessels. These vessels were
« ctrically heated and contained agitators or stirring mechanisms. The vessels were heated for
5 hours. This allowed the uranyl nitrate solution to maintain a temperature of 400°F. _.e
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geology, waste site history, and contaminants, and then choosing one or more representative sites
for comprehensive field investigations, including sampling. Findings from site investigations at
representative sites are extended to apply to other sites in the waste group that were not
characterized. Sites for which field data have not been collected are assumed to have similar
chemical characteristics to the sites that were characterized. Confirmatory investigations of
limited scope can be performed at the sites not selected as representative sites, rather than full
characterization efforts.

Data from represegyative sites are used to evaluate remedial alternatives and to select one (or
more) to apply for the entire waste group. Confirmatory sampling of the analogous sites after
remedy selection may be required and is built into the remedial design planning to demonstrate
that analogous conditions exist. Although a degree of uncertainty exists in employing the
analogous site concept, substantial benefit is realized in the early selection of a remedy that
allows early cleanup action to be performed. As defined in the Implementation Plan (DOE-RL
1999), five representative sites were identified for the 200-TW-1 and 200-TW-2 OUs.
Representative si 5 in the ~10-TW-1 OU include the 216-B-46 Crib and 216-T-26 Crib.
Representative sites in the 200-TW-2 OU include the 216-B-5 Injection/Reverse Well,
216-B-7A&B Cribs, and 216-B-38 Trench.

The 216-B-46 Crib was selected as a representative site because of its significant radionuclide
inventory and the current level of characterization associated with the 216-BY Cribs, inclusive
of the 216-B-46 Crib. Results of the investigation activities at the BY Cribs are presented in the
Phase I Remedial Investigation Report for 200-BP-1 Operable Unit (DOE-RL 1993c). The
216- 26 Crib was selected because of its high contaminant inventory. The 216-B-38 Trench
was selected because it received a high inventory of fission products. The 216-B-7A&B Crib
system is considered to be a “worst-case” site because it received the highest combined
quantities of plutonium, cesium, and strontium. The 216-B-5 Reverse Well is considered a
second choice “worst-case” site because of its high radiological inventory, current impact on the
aquifer, and current level of characterization. Details of the investigation activities for this site
are presented in ¢ 1ith (1980).

During the process of evaluating representative sites, consideration was also given to including a
BC Cribs area waste site in the initial phase of characterization for the OU. This consideration
was deemed necessary because of the lack of quality geologic, physical property, and chemical
data in the vicinity of the BC Cribs. The BC Cribs are located about 150 m (490 ft) south of the
200 East Area perimeter fence and consist mainly of specific retention waste sites. The
contaminant inventories received at these waste sites are comparable to other OU waste sites;
however, effluent volumes discharged at the BC Cribs do not exceed estimated soil pore volume
beneath the waste sites. These data suggest that significant impact to groundwater is not
expected. Recent results from the logging of 18 boreholes in the BC Cribs area with the
radionuclide logging system support this conclusion. For example, the 216-B-14 Crib received a
waste volume equal to about 50% of the estimated soil pore volume in the vadose zone beneath
this crib. The radionuclide logging system log profile, which provides an indicator of
contaminant fate, shows that cesium-137 contamination extends only to a depth of 27 m (90 ft)
and detectable cobalt-60 extends to a depth of 70 m (231 ft). The vadose zone thickness (104 m
[340 ft]) in the vicinity of the cribs and the limited effluent volume discharged are the two main
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estimated 10 g of plutonium and 20 Ci of fission products were sent from the 241-B-201 and
241-B-202 SSTs to the cribs (Brown and Ruppert 1950). Approximately 21,470,000 L
(5,670,000 gal) ultimately reached the 216-B-7A&B Cribs. An additional 22,100,000 L
(5,800,000 gal) of wastewater were discharged to the cribs after 1950 until they were taken out
of service in 1967.

In 1992, the contaminated soil from the UPR-200-E-144 surface contamination area was scraped
and consolidate on the 216-B-7A&B Cribs. The area was covered with approximately 0.45 to
0.61 m (18 to 24 in.) of clean backfill.

2.2.3.5 216-B-38 Trench. The 216-B-38 Trench is an inactive waste site located north of the
216-B-37 Trench, north of the B Plant, and west of the 241-BX Tank Farm. The trench, active
only in July 1954, received 1,430,000 L (380,000 gal) of high salt, neutral/t ¢ first-cycle
sup¢ atant waste from the 221-B Building via tanks ! 1-B-110, 241-B-111, and 241-B-112
(Maxfiel 1979).

The 216-B-38 Trench is 77 m (250 ft) long, 3 m (10 ft) wide, and 3 m (10 ft) deep
(Maxfield 1979). The unit was deactivated by removing the above-ground piping when specific
retention was reached (Maxfield 1979).

Compounds in the liquid disposed to this site include fluoride, nitrate, nitrite, phosphate, sodium
aluminate, sodium hydroxide, sodium silicate, and sulfate-based compounds from the
bismuth/phosphate campaign. Radionuclides contained in the waste stream at the time of
discharge included 510 Ci of cesium-137, 1,900 Ci of strontium-90, 560 Ci of ruthenium-106,
1.2 g of plutonium, and 42 kg of uranium (Maxfield 1979).

In October 1982, the trench was surface stabilized with 0.6 m (2 ft) of clean topsoil and treated
with an herbicide.
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Figure 2-6. Stratigraphy Near the 216-B-7A&B Cribs.
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Figure 2-11. Location of 200-TW-1 and 200-TW-2 Waste Sites Ac 1cent

to the 200 East Area.
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Figure 2-15. 216-B-46 and 216-T-26 Crib Construction Diagram.
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and the environment. The risk-based screening was applied separately in two different zones.
The first zone, 0 to 5 m (0 to 15 ft) bgs, was described as near-surface soils. This zone consisted
of stabilized surface soil (trench backfill and gravel near the bottom of the crib). The second
zone, defined as deep soils, consisted of soils greater than 5 m (15 ft) bgs. Three soil exposure
pathways were used for calculating preliminary risk-based benchmark concentrations: soil
ingestion, air inhalation (including inhalation of fugitive dust), and external exposure to
radioactivity for both the near-surface soils and deep soils. For groundwater, the only exposure
mechanism evaluated was groundwater ingestion.

For near-surface soils, the identified contaminants of potential concern (COPCs) included the
following:

o (Cesium-137
R "um-226
s Strontium-90
e Thorium-228
e Total uranit

For deep soils, the identified COPCs included the following:

Cadmium

Nickel

TBP
Polychlorinated biphenyls (PCBs)
Antimony-125
Cesium-137
Cobalt-60
Plutonium-238
Plutonium-239
Plutonium-239/240
Radium-226
Strontium-90
Technetium-99
Thorium-228

Total uranium.

Although contamination in soils was detected at depths of up to 72 m (236 ft), maximum
radionuclide concentrations were generally observed in the 5- to 15-m (15- to 50-ft)-depth range.
This depth interval represents the base of the crib gravel and underlying native soil where the
observed contam nt distributions are consistent with the relative immobility of many of the
radioactive constituents. Below 15 m (50 ft), levels generally declined until a depth of
approximately 30 m (100 ft) where concentrations remained uniformly low. Soils above 4 to

5 m (12 to 15 ft) were characterized by relatively low radionuclide levels, as compared to deeper
zones. Results of the soil sampling and spectral gamma-ray logging indicate that contamination

200-TW-1 & -2 vu Ki/r> work Plan
February 2001 3-4



















DOE/RL-2000-38
Initial Evaluation of Representative Sites Rev. 0

boreholes were logged on June 21, 1999 to a total depth of 16 m (52 ft). No sampling data are
available to evaluate the nature and extent of contamination at these locations.

Cesium-137 was the only gamma-emitting man-made radionuclide identified in borehole
299-E33-289. The contaminant was identified from 1to 2 m (2 to 5 ft) and 4.6 to 15 m (15 to
49 ft). From 0 to 2 m (0 to 5 ft), the activity of cesium ranged from 4 to 49 pCi/g; cesium was
not detected from 2 to 4 m (5 to 14 ft) bgs. This contaminant was next detected at 4.6 m (15 ft)
bgs at an activity of 4 pCi/g and reached a maximum activity of 55,000 pCi/g at 5 m (17 ft). The
count rate limits of the instrument were exceeded from approximately 5 to 6 m (16 to 19 ft) bgs, -
although the instrument did not saturate. This is an indicator that the true activities in this zone
are higher than the activities recorded. Thel jhest zone of moisture in this borehole is at depths
between 4.6 and 8 m (15 and 25 ft) bgs and ranges between 10% and 25%. Elevated moisture
content in this borehole is correlative to the highest zones of contamination. Activities generally
declined from greater than 12,000 pCi/g to about 1,000 pCi/g at depths between 6 to 9 m (20 to
29 ft). Cesium-137 activities below 9 m (29 ft) bgs ranged between 10 and 50 pCi/g.

Cesium-137 was the only gamma-emitting man-made radionuclide identified in borehole
299-E33-290. Cesium-137 was identified from 6 to 15 m (19 to 49 ft) in 299-E33-290. The
highest activities were detected at depths between 6 to 9 m (20 to 30 ft) and ranged from 1,000 to
75,000 pCi/g. The maximum concentration of cesium-137 occurred at a depth of 8 m (25 ft) bgs.
The count rate limits were exceeded from approximately 7 to 9 m (22 to 30 ft), although the
instrument did not saturate. As stated previously, when count rates limits are exceeded, the true
activities are higher than the activities recorded. This zone of high contamination correlates to a
thin zone of higher moisture (20% to 30%) at 6 to 7 m (20 to 24 ft) bgs. Cesium-137 activities at
depths greater than 9 m (30 ft) bgs ranged between 500 and 5,000 pCi/g and increased toward the
bottom of the borehole.

Soil column pore volumes beneath the 216-B-38 Trench are estimated to be greater than the
volume of effluent discharged to the ground at this site (DOE-RL 1997). This suggests that there
was no impact to groundwater during the active operation of this site. Groundwater plumes in
the vicinity of this site are described in Barnett et al. (1999). The report indicates that nitrate,

:chnetium-99, iodine-129, and tritium exceed groundwater protection standards/guidelines in
the vicinity of the trench (Figures 3-2 and 3-3). Current impacts of waste disposal practices at
this trench on groundwater have not been determined.

3.3.6 Environmental Information

A summary of ecological and cultural resources for the 200 Areas is provided in Appendix F and
Sections 8.0 and 9.0 of the Implementation Plan (DOE-RL 1999). Information on these
resources is also included in the annual environmental monitoring reports. This section of the
work plan presents available ecological sampling and monitoring data in the vicinity of the
200-TW-1 and 200-TW-2 OU waste sites. Several sources of data were consulted and
researched to provide this summary, including the following:
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presented in Table 3-4. While the sites sampled are not within the 200-TW-1 and 200-TW-2
OUs, they are in the vicinity of the OU sites. The basis of the sampling strategy was to select
some worst-case sites to focus future biota sampling activities.

Vegetation analysis included two cheatgrass and two Russian thistle samples at the 216-U-11
Ditch. Strontium-90 was detected in one cheatgrass sample and both Russian thistle samples.
Copper and zinc were detected in one cheatgrass sample and both Russian thistle samples.
However, copper was also present in the associated sample blank. The only analytes detected in
small mammal (pocket mouse) samples were strontium-90 (one out of four samples) and
selenium (three out « four samples, but also detected in the associate sample blank). Strontium-
90 was the only analyte detected in the composite insect sample. The following constituents
were undetected in all samples: technetium-99, cobalt-60, cesium-137, cadmium, mercury,
selenium, silver, and cyanide.

Mitchell and Weiss (1995) concluded that Russian thistle is the preferred vegetative indicator for
radionuclide and metal uptake, and pocket mice are preferred mammal ~~indi -~ of
contam int uptake at terrestrial sites.

An ecological risk assessment was performed as part of the 200-BP-1 RI/FS process to evaluate
the impact of near-surface soil contaminants on six indicator species (Great Basin pocket mouse,
jackrabbit, Swainson’s hawk, loggerhead shrike, burrowing owl, and coyote). The risk assessment
was based on limited data and was considered to have a high degree of uncertainty. The results
indicated that the pocket mouse, jackrabbit, loggerhead shrike, and burrowing owl could be
adversely impacte if exposure to the contaminated soils is allowed to occur (DOE-RL 1993c).

Although not identified as representative waste sites, the 200 B/C Crib area waste sites are of
interest because of past biological transport of contaminants. Intermittent surveys of the 200 B/C
Crib area and surrounding land conducted between 1958 and 1998 found radionuclide-
contaminated rabbit and coyote feces south, east, and west of the crib site. An investigation
conducted in the 1960s indicated that animals had intruded into the crib soils and exposed
radionuclide-bearing salts that other animals may have subsequently used as a salt lick.
Vegetation has also been shown to have taken up radionuclides through root systems; dead plants
have been windblown, scattering particulate contamination over the surrounding landscape.
Maxfield (1974) determined that contamination was no longer being spread. Subsequent aerial
surveys support this conclusion; neither the shape nor location of contaminant concentration
contours measured through aerial surveys has changed appreciably in the last 20 years, except
for a decrease in concentration that is attributed to radioactive decay.

A zone of approximately 10 km? (4 mi®) was classified as the 200 B/C Control Area in 1964 to
limit access to the crib site and the known contaminated areas. Approximately 45,873 m’
(60,000 yd®) of soil was added to the surface of some of the trenches in 1969 to bring the ground
surface to a level approximately 3 m (10 ft) above the bottom of most of the cribs and trenches.
This addition halted intrusion of deep-rooted plants into the contaminated zone. Gravel and/or
asphalt topping was added to several trenches to inhibit animal intrusion. Previously deposited
animal feces remain in the surrounding area.
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Figure 3-2. Major Nonradiological Groundwater Plumes in the Vicinity
of the 200 East Area (Modified from PNNL 2000).
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Figure 3-14. 216-B-46 Crib Conceptual Contaminant Distribution Model.
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Figure 3-18. 216-B-38 Trench Conceptual Contaminant Distribution Model.
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High sait, neutral, low organic radioactive waste containing cesium-137,

plutonium-239/240, uranium, strontium-90 and other contaminants from the single
shell tank farm system were discharged to the trench in 1954. The trench received

a total volume of 1,430,000L (380,000 gal.) of wastewater.

lateral spreading.
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Effluent and contaminants were discharged into H1. The wetting front and
contaminants moved vertically down beneath the trench. There is little or no

Immobile contaminants, such as cesium-137, sorb to the bottom of the trench.
The zone of greatest contamination is from the bottom of the trench to about 30
ft. bgs. Contaminant concentrations generally decreases with depth.

The wetting front and mobile contaminants move downward beneath the crib.
Data is not available to determine contaminant levels in this zone.

During periods of active discharge, wastewater and mobile contaminants do not

impact groundwater. Calculations of soil pore volume in DOE/RL-96-81 suggest

that effluent volume does not exceed soil pore volume.
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The nature of the waste sites to be investigated in the RI support the use of focused sampling as
identified in Washington State Department of Ecology Toxics Cleanup Program Guidance on
Sampling and Data Analysis Methods (Ecology 1995). This guidance document defines focused
sampling as selective sampling of areas where potential or suspected soil contamination can
reliably be expected to be found if a release of a hazardous substance has occurred. The
relatively small crib structures to be investigated released contaminants in a point-source fashion.
Contaminants released through a small crib would likely impact the soil immediately beneath the
crib with minimal lateral spread; therefore, focusing the RI sampling through the crib will ensure
collection of the area of greatest impact associated with the discharge. Contaminant distributions
are expected to follow relatively predictable patterns based on process knowledge and existing
environmental data. Even though the 216-B-38 Trench is somewhat larger than the cribs
identified for RI, it is still a relatively small site. Additional efforts may be needed to determine
the worst-case location for the borehole within the trench; these will provide additional data on
gamma-emitting radionuclides to support the focused sampling regime.

4.1 I aUses

Data generated during characterization of the representative sites will consist mainly of soil
contaminant data. These contaminant data will be used along with existing data from the
216-B-46 and 216-B-5 representative sites to define the nature and vertical extent of radiological
and chemical contamination, support an initial evaluation of potential human health risks, and
assist in the evaluation and selection of a remedial alternative. By defining the type and vertical
distribution of contamination, the conceptual model for contaminant distribution can be verified
or refined. The lateral extent of contamination is assumed to be confined within the site
boundaries but may be evaluated through geophysical logging results. Additional evaluation of
e lateral extent of contamination will be done during the confirmatory sampling phase as
:cessary to support remedial design. Verification of the current conceptual contaminant
distribution models will direct the application of the analogous site concept at the remaining
200-TW-1 and 200-TW-2 waste sites. A limited amount of data will be collected to characterize
the physical properties of soils that will be used to support an initial assessment of risk (e.g.,
RESidual RADioactivity [RESRAD] dose model or other risk modeling, as required).
Contaminant and soil property data will be obtained by sampling and analyzing soils.

4.1.2 Data Needs

A considerable amount of information has been presented in Sections 2.0 and 3.0 regarding the
200-TW-1 and 200-TW-2 OU waste sites. Existing data were sufficient to develop an
understanding of radiological and chemical contaminant distribution for the 216-B-46 Crib and
radiological contaminant distribution for the 216-B-5 Reverse Well. However, the existing data
are insufficient to develop a distribution model for the other three representative sites. The most
pertinent existing information was used to develop site-specific conceptual contaminant
distribution models for the 216-T-26, 216-B-7A/B, and 216-B-38 waste sites; additional
information is provided by reference. For the representative waste sites (and the other waste
sites in the OU in general), information is available regarding location, construction design, and
major types of waste disposed. For several of the sites (those associated with 200-BP-1
investigation activities and the 216-B-5 Reverse Well), considerable data exist. However, the
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approach. Biased sampling is the intentional location of a sampling point within a waste site
based on process knowledge of the waste stream and expected behavior of the potential COC(s).
It is the preferred sampling approach as defined in Section 6.2.2 of the Implementation Plan
(DOE-RL 1999) for the RI phase. Using this approach, sampling locations can be selected that
increase the chance of encountering the highest contamination in the local soil column.

Sample locations at the representative sites were selected based on the preliminary conceptual
models of contaminant distribution presented in the DQO summary report (BHI 2000). Three
sampling locations in three representative sites were selected for sampling. The locations were
selected with the goal of intersecting the highest areas of contamination and to determine the
type and vertical extent of contamination at the representative sites. Because the cribs being
investigated cover only small areas, lateral extent of contamination within the site boundary is
not considered necessary for remedial decision making. For the 216-B-38 Trench, lateral extent
of contamination within the site boundaries will be evaluated with a borehole and augmented
with geophysical logging of additional cased or direct push h¢ :s. Soil samples will be taken at
each representative site from a deep borehole (to near the groundwater table) -~ 1 will be
collectec  >m different depths at the waste site to evaluate the vertical extent of contamination.
Extra soil samples may be collected as warranted by observations such as changes in lithology,
visual indications of contamination, and field screening results. This biased sampling approach
was designed to provide the data needed to meet DQOs for this phase of the RI/FS process.

42 C] \RACTERIZATION APPROACH

This section provides an overview of characterization activities that are planned to collect the
required data identified in the DQO process. These activities include borehole drilling and
sampling and geophysical logging using spectral gamma and neutron moisture tools. Sample
analysis will be conducted by an offsite laboratory under a contract-required quality program.
The sampling strategy is designed to provide access to potentially contaminated subsurface
areas. Sai )le collection will be guided by field screening and a sampling scheme that identifies
critical sampling depths.

The sample above the water table is intended to represent deep contaminants in the vadose zone
that could potentially impact groundwater. The sample intervals are also significant at the

4.6- and 7.6-m (15- and 25-ft) depth to define contamination profiles for remedial designs. For
excavation and disposal sites, the decision-making depth is 4.6 m (15 ft), as directed by Model
Toxics Control Act IMTCA) direct exposure requirements. For containment sites, models show
that RCRA surface barriers become more cost effective than excavation in the 4.6- to 6.1-m
(15- to 20-ft)-depth range.

4.2.1 Geophysical Logging Through Direct Push Holes

The location of the inlet to the 216-B-38 Trench is unknown; a review of existing drawings and
literature did not yield sufficient information to identify the inlet, or area of highest potential

contamination within in the trench. Therefore, locating the borehole for this site requires some
preliminary geophysical logging activities to target the area of highest contamination. A series
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e Stratifying the data and computing basic statistical parameters such as mean and standard
deviation for individual levels. This can provide an indication of contaminant distribution.

e Constructing contour diagrams and variograms to evaluate spatial correlations within each
stratum. This will indicate if contamination is concentrated in a particular area (e.g., near the
influent end for trenches).

» Performing statistical tests on the data to evaluate the presence or absence of contamination.
There are many facets to this step, including determining the distribution of the data and
selecting the appropriate statistical tests. The initial screening for contamination should
evaluate the data with respect to background, by using simple comparisons of an upper
bound of the data to background concentrations (e.g., MTCA tests), or through more
compléex comparisons, such as nonparametric hypothesis tests (e.g., Wilcoxon Rank Sum

:st). These tests may also compare the data to appropriate cleanup levels.

All of these statistical evaluations will aid in refinir - the it 1 » and
selectit he remedial alternative. However, because the sites within these OUs represent point-
source type releases, statistical analysis may not always be possible. Single boreholes are
planned : the sites. If the data are not sufficient for statistical analysis, maximum or average
concentrations wi  be used in the data evaluation process.

Data on the soil physical properties will be used to determine the sediment type, which will
assist in choosing the proper unsaturated hydraulic conductivity/moisture retention curve.
Identification of the soil type and soil moisture will allow the determination of unsaturated
hydraulic conductivity, which will be used as needed in modeling flow and transport (see
Section 5.2.5.3).

The chemical, physical, and geophysical data will be used for correlating subsurface data, for
further refinement of the preliminary conceptual contaminant distribution models, and as inputs
to a QRA.

5.2.5.3 Qualitative Risk Assessment. The application of risk assessment in the
characterization and remediation of the 200 Areas will follow a graded approach as described in
Section 5.5 of the Implementation Plan. A QRA will be performed as part of the RI report and
FS. Once additional data are available for all the sites in an OU, a more quantitative risk
assessment may be performed. A quantitative, cumulative risk assessment will be used to
evaluate remedial actions and close out the sites in the 200 Areas.

For the 200-TW-1 and 200-TW-2 OUs, QRAs will be prepared to evaluate risk to human
receptors from potential exposure to contaminants in accessible surface sediments and shallow
subsurface soils. The QRAs will also evaluate the impact to groundwater that may result from
contaminants migrating to the water table through the vadose zone underlying wastes sites in
these OUs.

The computer program RESRAD will be used to model radionuclide dose and impact to
groundwater from radionuclides. The physical characterization data obtained in this study will
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During the detailed analysis each alternative will be evaluated against the followm g CERCLA
criteria (40 CFR 300.430):

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

State acceptance.

One additional modifying criterion, community acceptance, will be applied following the FS at
the proposed plan and ROD phase.

National Environmental Policy Act of 1969 ™ 2A) ° " al =~ =zvaluated as part of
DOE’s responsibility under this authority. NEPA values include impacts to natural, cultural, and
historical resources; socioeconomic aspects; and, irreversible and irretrievable commitments of
resources.

1e RCRA corrective action performance standards (WAC 173-303-646[2]) will be used to
evaluate alternative compliance with RCRA corrective action requirements. These standards
state that corrective action must:

e Protect human health and the environment for all releases of dangerous wastes and dangerous
constituents, including releases from. solid waste management units at the facility

¢ Occur regardless of the time at which waste was managed at the facility or placed in such
units and regardless of whether such facilities or unit were intended for the management of
solid or dangerous waste

Be implemented by the owner/operator beyond the facility boundary, where necessary to
protect human health and the environment.

1e FS will also include supporting information needed to complete the detailed analysis and
meet regulatory integration needs, including the following:

Summarize the RI, including the nature and extent of contamination, the contaminant
distribution models, and an assessment of the risks to help establish the need for remediation
and to estimate the volume of contaminated media

¢ Refine the conceptual exposure pathway model to identify pathways that may need to be
addressed by remedial action
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Figure 6-2. Project Schedule for the 200-TW-2 Operable Unit.
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APPENDIX A

SAMPLING AND ANALYSIS PLAN
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A.2.1 Field Quality Control

Field QC samples shall be collected to evaluate the potential for cross-contamination and
laboratory performance. Field QC for sampling in the 200-TW-1 and 200-TW-2 OUs will
require the collection of co-located duplicate, field split, and equipment rinsate blank samples.
The QC samples are described in this section with the required frequency of collection.

QC samples will not be collected from zones within the boreholes that are expected to contain
TRU-contaminated soils, because of the extreme cost and handling requirements associated with
TRU matenals.

A.2.1.1 Co-Located Duplicates. Co-located duplicates are independent samples collected as
close as possible to the same point in space and time, taken from the same source, stored in
separate containers, and analyzed independently. These samples are useful in documenting
homogeneity in the soil. It is important that these samples are not homogenized together.

A minimum of 5 of tl total collected soil samples wi be duplicated (i.e., 1 field duplicate
will be collected for every 20 samples). At least one co-located duplicate will be collected from
each borehole. The duplicates should generally be collected from an area that is expected to
have some contamination, so that valid comparisons between the samples can be made (i.e., at
least some of the COCs will be above detection limit). When sampling with a split spoon, the
duplicate sample will probably be from a separate split spoon either above or below the main
sample because of volume constraints.

A.2.1.2 Field Splits. Field split samples will be collected from each representative site to be
sampled in the RI (216-T-26, 216-B-7A/B, and 216-B-38). The split samples shall each be
retrieved from the same sample interval using the same equipment (collected from one split
spoon) and sampling technique; sampling limitations involving split spoons as discussed in
Section A.2.1.1 also apply to field splits. Samples shall be homogenized, split into two separate
aliquots in the field, and sent to two independent laboratories. The splits will be used to verify
the performance of the primary laboratory.

The split samples will be obtained from sample media suitable for analysis in an offsite
laboratory and shall be analyzed for all of the COCs listed in Table A-4.

A.2.1.3 Equipment Rinsate Blanks. Equipment rinsate blanks shall be collected at the same
frequency as co-located duplicate samples, where applicable, and are used to verify the adequacy
of sampling equipment decontamination procedures. The field geolo; t may request that
additional equipment blanks be taken. Equipment blanks shall consist of pure deionized water
washed through decontaminated sampling equipment and placed in containers identical to those
used for actual field samples.

Equipment rinsate blanks shall be analyzed for the following:

¢ Gross: dha
e Gross beta
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- Plan 5.2, “Onsite Measurements Quality Assurance Program Plan”
- Plan 5.3, “Environmental Radiological Measurements Quality Assurance”

e BHI-MA-02, ERC Project Procedures

e BHI-SH-01, ERC Safety and Health Program

e BHI-SH-02, Safety and Health Procedures, Volumes 1, 3, and 4

e BHI-SH-05, Industrial Hygiene Work Instructions

e BHI-EE-10, Waste Management Plan

e BHI-RC-04, Radiological Control Work Instructions

® Hanford Site Radiation Control Manual — ~— ~~ 1996b)

e Specification for environmental drilling services specific to 200-TW-1 and 200-TW-2

e Sampling Services Procedures Manual, ES-SSPM-001, Rev. 0, Procedure 2-5, “Laboratory
Cleaning of Sampling Equipment,” Waste Management Northwest (WMNW 1998).

A.2.7.1 Sample Location. Sample locations (e.g., geophysical surveys and boreholes) will be
staked and labeled before starting the activity. Locations will be staked by the technical lead or
field team leader assigned by the project manager. After the locations have been staked, minor
adjustments to the location may be made to mitigate unsafe conditions, avoid structural
interferences, or bypass utilities. Locations will be identified during or after sampling following
BHI-EE-01, Procedure 1.6, “Survey Requirements and Techniques.” Changes in sample
locations that do not impact the DQOs will require approval of the project manager. However,
changes to sample locations that result in impacts to the DQOs will require EPA (for 216-T-26)
or Washington State Department of Ecology (for 216-B-7A and 216-B-38) concurrence.

A.2.7.2 Sample Identification. The ERC Sample and Data Tracking database will be used to
track the samples through the collection and laboratory analysis process. The HEIS database is
the repository for the laboratory analytical results. The HEIS sample numbers will be issued to
the sampling organization for this project in accordance with BHI-EE-01, Procedure 2.0,
“Sample Event Coordination.” Each chemical/radiological and physical properties sample will
be identified and labeled with a unique HEIS sample number. The sample location, depth, and
corresponding HEIS numbers will be documented in the sampler’s field logbook.

Each sample container will be labeled with the following information using a waterproof marker
on firmly affixed, water-resistant labels:

HEIS number

Sample collection date/time

Name/initials of person collecting the sample
e Analysis required
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The field action level for radionuclide screening is twice background. Intervals above this field
action level will be assessed for sampling by the field geologist. Samples exceeding 0.5 mrem/hr
will be stored at a temporary radioactive material storage area until shipment to the laboratory.

Field screening instruments will be used, maintained, and calibrated in accordance with the
manufacturer’s specifications and other approved procedures. The field geologist will record
field screening results on the borehole log.

A.3.3 Soil Sampling and Analysis
The following sections discuss the details of sampling soil from boreholes.

A.3.3.1 Borehole Sampling and Analysis. Nonradiological and radiological samples will be
collected from three deep boreholes. ..orehole C3102 will be drilled in the 216-T-26 Crib.
Borehole C3103 will be in drilled in the 216-B-7A Crib. Borehole C3104 will be drilled in the
216-B-38 Trench. The trench is unique because the borehole location will be determined
through a series of direct push holes that will be geophysically logged to determine the area of
the ditch with the highest contamination from gamma-emitting radionuclides. This step is
necessary as historical information is not available concerning the release point of the effluent to
the trench. Borehole sample collection will be guided by the sampling approaches outlined in
Tables A-7, A-8, and A-9. Actual sampling intervals may vary from these approaches depending
on the thickness of clean soil cover placed over the cribs and trench. The intent of the sampling
design is to begin sample collection at the crib/trench bottom and continue sampling
intermittently (based on the site’s conceptual contaminant distribution model, results of nearby
borehole logging events, and professional judgement of the field geologist) until a significant
decrease in contamination is noted. The zone of highest expected contamination will likely
contain low mobility contaminants. Additional samples above and below this zone of highest
contamination will be collected based on characteristics exhibited during the field screening
activities and geologic observations. Figures A through A-6 illustrate hypothetical sampling
intervals in boreholes.

The bottoms of the waste sites are considi 1 critical sample points because the highest levels of
contamination are expected to begin at this location. Samples from 4.6 m (15 ft) below ground
surface (bgs) and 7.6 m (25 ft) bgs are also considered critical sampling points to evaluate
exposure scenarios and remedial alternatives. Sample from depths greater than 7.6 m (25 ft) bgs
will be used to verify the conceptual contaminant distribution models and to evaluate remedial
action alternatives and groundwater impacts. Drilling and sampling will stop when the water
table is encountered.

Sampling will be performed in accordance with BHI-EE-O1, Procedure 4.0, “Soil and Sediment
Sampling,” using a split-spoon sampler. The split-spoon samplers will be equipped with four
separate stainless steel or lexan liners. Site personnel will not overdrive the sampling device.
With the exception of the co-located duplicate samples, soil will be transferred to a pre-cleaned,
stainless steel mixing bowl, homogenized, then containerized in accordance with the sampling
procedure. Radiological and nonradiological analytes of interest are presented in Table A-4. If
sample volume requirements cannot be met, samples will be collected according to the priority
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